 Abstract-Groundwater has many characteristics that make it preferable as water supply. But once becomes contaminated, its location and low rate of replacement with fresh water makes it difficult to return it to its pristine state. Toxic and organic chemical pollutants pose threat to the safety of water resources in Khartoum. Contamination of the river Nile system leads to contamination of groundwater resources. Present study aimed to evaluate the current chemical quality of Khartoum state groundwater resources in terms of its heavy metals and refractory organic content. A comparison of the obtained result with national and international standards was also carried out. To realize the objective of this study, a quantitative analysis of nine samples collected from three boreholes named A (Dar Alsalam block (21) ), B (Alkaadarow Almadaris) and C (Alazhari block (15)) during three seasons; autumn, winter and summer were investigated. Heavy metals concentrations (Pb, Cr, Cd and Fe) were determined using Inductively Coupled Plasma-Atomic Emission Spectrometer (ICP-AES). For refractory organic compounds, TOC and BOD5 tests were carried out, the ultimate value (BODu) was calculated as 1.7 BOD5 and then the difference between TOC and BODu was estimated as the concentration of refractory organic compounds. The result showed that groundwater boreholes were safe with respect to cadmium, iron and chromium pollutants, but they contain high levels of lead and refractory organic compounds. The concentrations of lead exceeded both national and international permissible levels which are expected to be due to infiltration of poorly treated sewage and some industrial effluents or from the process of recharging groundwater by contaminated surface water. Since there are no treatment processes in water supply treatment plants targeting the removal of these pollutants, populations consuming this water are expected to be exposed to many health hazards.
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I. INTRODUCTION
Groundwater has many characteristics that make it a preferable source for water supply. First, groundwater is less subject to seasonal fluctuations and long-term droughts. Second, the aquifer provides natural storage that eliminates the need for impoundment. Third, because the groundwater source is frequently available near the point of demand, the cost of transmission is reduced significantly. Fourth, because natural geologic formations filter the water, groundwater is often more aesthetically pleasing and to some extent protected from contamination [1] .
Once groundwater becomes contaminated, its location and low rate of replacement with fresh water makes it difficult to return it to pristine state. Two major sources of contaminants are of concern: uncontrolled releases of biological and chemical contaminants and saltwater intrusion from over pumping of wells. Uncontrolled releases come from a variety of sources such as discharge from improperly operated or located septic systems, leaking underground storage tanks, improper disposal of hazardous or other chemical wastes, spill from pipelines or transportation accidents, recharge of groundwater with contaminated surface water, leaking landfills, and leaking retention ponds or lagoons [2] .
Fresh water aquifers near oceans or above saline aquifers may become contaminated with salt water when water is pumped from wells that draw water that is too close to the freshwater-salt water interface [2] .
Sudan has great potential of renewable and nonrenewable groundwater resources which are important sources of water supply for domestic, industrial and agricultural uses. It is a key element for human settlement and sustained socioeconomic activities. Demand for groundwater in many areas of the Sudan has recently increased considerably in order to meet the needs for the implementation of agricultural and economic development plans but regrettably, these developments are taking place in a rather unplanned manner leading to many problems such as overexploitation, reduction of reliable yield, and deterioration of quality [3] . Ground water is recharged by rain water to small extent and by the River Nile to a greater extent [4] Khartoum state's main sources of water supply are the River Nile system and the ground water. Khartoum state is currently supplied about 52% by ground water and 48% by water extracted from the Nile River [4] . Toxic and organic chemical pollutants pose threat to the safety of water resources in Khartoum.
Few studies were conducted to evaluate the groundwater quality in Khartoum area. A research study was carried out to evaluate the groundwater quality in the Khartoum area based on geological, hydrological, and hydro chemical investigations. The researcher concluded that groundwater in each of the two aquifers of the area seems to have inherited its physico-chemical properties from the hosting sedimentary formations. More over the total dissolved solids, electrical conductivity, carbonate hardness, total hardness, and sodium-adsorption ratio values tend to increase towards the central zone (i.e., Soba saline zone). The study also concluded that groundwater was fresh, soft, and free from objectionable properties related to the
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Ihab Hassan, Basheer M. Elhassan, and Mustafa Abbas Mustafa drinking and irrigation uses, except in the Saba saline zone, where it is not fit for use [5] . "Assessment of water supply sources and system of potable water in Khartoum metropolitan in relation to liquid waste disposal" was a research carried out by the UNISCO Chair in Water Resource (UNISCO-CWR) in collaboration with different national water sectors and agencies. The objectives of the research were to assess and investigate the quality of drinking water sources in Khartoum metropolitan whether these sources are ground water or surface water and to study their vulnerability to the liquid waste disposal ( Domestic, Industrial, agricultural or medical waste). Parameters investigated were physical, chemical (which include heavy metals, BOD and COD) and microbiological parameters. The research concluded that some boreholes in Khartoum state recorded significant concentrations of both heavy metals and organic compounds that exceeded the national permissible limits [6] .
Present study aimed to evaluate the current chemical quality of Khartoum state groundwater resources in terms of its heavy metals and refractory organics content and to compare the obtained data with the local and international permissible levels.
II. MATERIALS AND METHOD
A. Sampling A total of 9 samples were collected from three boreholes, each one located at one of the three towns that comprise Khartoum state. The randomly selected boreholes were; Dar Alsalam block (21) borehole (Omdurman) (A), Alkaadarow Almadaris borehole (Khartoum North)(B) and Alazhari block (15) borehole (Khartoum) (C). Samples were collected during the years 2016-2017 in three different seasons; autumn, winter and summer. Samples were taken directly from the borehole's water pump after allowing the water to run for a while.
B. Methods
Heavy metals concentrations (Pb, Cr, Cd and Fe) were tested in Central Petroleum Laboratories using Inductively Coupled Plasma-Atomic Emission Spectrometer (ICP-AES), Varian, vista-MPX-CCD, Simultaneous, with background correction, auto-fit multi calibration curve fitting, signal to background ratio (SBR) and signal to root background ratio.
For refractory organic compounds TOC tests was carried out for each sample using APHA 5310 standard test methods. Tk8he test method for the five days Biochemical Oxygen Demand (BOD5) was APHA 5210-B standard test method. The ultimate BOD value (BODu) was calculated as 1.7 BOD5 and then the difference between TOC and BODu was estimated as the concentration of refractory organic compounds (ROC) [7] .
ROC= TOC-BODu
(1) Table I , II, and III show the results of the nine samples taken from the three sampled groundwater boreholes A, B and C; during the three seasons of year 2016/2017. They are also represented graphically as shown in Fig. 1, 2 , and 3. The average concentration of lead detected in A, B and C boreholes were 0.0190, 0.0196 and 0.0232 mg/l respectively.
III. RESULTS AND DISCUSSION

A. Heavy metals pollutants in Khartoum state groundwater
The high concentrations of lead in these boreholes are expected to be due to infiltration of poorly treated sewage and some industrial effluents or from rising pipes. In addition, as Ground water is recharged by the River Nile system which was contaminated by heavy metals, it get affected and showed high concentration of lead, contamination of the river Nile system lead to contaminated groundwater resources. Since groundwater is not subjected to any types of treatment, the direct consumption of these waters may pose health risk to the population in those areas who consumed it.
Exposure to lead is cumulative over time. High concentrations of lead in the body can cause death or permanent damage to the central nervous system, the brain, and kidneys [7] .
Iron concentrations in groundwater borehole B were higher than its permissible level during autumn and winter seasons, and this may be due to pump casing, while it was safe in other boreholes.
B. Refractory organic compounds (ROC) in Khartoum state groundwater
Refractory organic compounds are organic compounds that are resistant to biological degradation and there are a lot of materials considered as refractory in water environment such as organic pesticides, organic fertilizers, organic insecticides, Herbicides (chlorinated phenoxys), industrial chemicals eg: HgCl2, hydrocarbon compounds that are combined with chlorine, DDT, phenols and many of the organics associated with petroleum, its refining and processing [8] .
To evaluate the presence of organic compounds that resist biodegradation (named refractory) in Khartoum State's groundwater resources, nine samples from three boreholes were tested for BOD5 and TOC, calculating BODu and then using equation (1) to estimate the ROC.
The results obtained were summarized in table IV, V, and VI and Fig. IV, V , and VI. It was clear that high concentration of ROCs were detected in the three boreholes, a range of 54.04 to 80.29 ppm with an overall average of 62.38 ppm was observed. The presence of ROC may be attributed to the infiltration of poorly treated sewage and industrial effluent especially from petrochemical industries. So it expected to be range of organic compounds including pesticides and petroleum products.
Since there are no purification processes for the groundwater for the removal of these pollutants, water containing high concentration of refractory organic compounds were likely to be consumed for the drinking purposes in Khartoum state and other nearby states depending on groundwater resources in their water supply. Populations of such areas are expected to be exposed to many health hazards resulting from their consumption of water polluted by ROC.
However, the extent of health hazards depends on the nature of ROC which was difficult to be determined. In addition, it is important to mention that there are no national or international standard permissible levels stated for the ROC as a single pollutant. Instead, there are permissible levels of different types of organics, considered as ROC. For examples for DDT the allowable level according to WHO guidelines is (0.001 mg/l), and according to local Sudanese standard the allowable levels is 0.7 µg/l for benzene the guidelines is 10 µg/l and the local permissible level is 6.7 mg/l. WHO has considered a concentration of 0.001 mg/l of phenolic compounds in drinking water as the maximum permissible concentration and the national standard stated 5 µg/l for 2 µg/l chlorophenol a level likely to give rise to consumer complaint. Investigated Khartoum State's groundwater boreholes were safe with respect to cadmium, iron and chromium pollutants, but they showed high level of lead that exceeded both national and international permissible values. However, slightly high concentration of iron was recorded in one borehole which was attributed to the pump casing.
Refractory organic compounds were detected in Khartoum state groundwater resources in high concentration that ranged between 54.04 to 80.29 ppm with an overall average of 62.38 ppm.
Continuous monitoring of the chemical quality of both surface and groundwater supply is highly recommended. 
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